The 1000, 500, and 350HR µm CsI had the highest DQE for low, medium, and high spatial frequency ranges of 0 to 1.6, 1.6 to 4.5, and 4.5 to 10 cycles/mm, respectively. Larger FOT M resulted in a reduction in DQE. Quantifying performance of different front-end configurations will enable optimal selection of components for task-specific designs.
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A. Kuhls ERFORMANCE of indirect digital x-ray imagers is typically limited by the front-end components that convert the incident x-ray energy to optical photons and focus those photons on the optical sensor. Present x-ray-to-light converting phosphors significantly reduce detector resolution due to stochastic blurring and k-fluorescent x-ray reabsorption. Thinner phosphors improve resolution at the cost of lowering quantum detection efficiency (QDE) and increasing Swank noise. Columnar structured CsI(Tl) with a needle-like structure that acts similarly to optical fibers, is widely employed to provide improved resolution performance over powdered phosphors, but blurring remains significant [1] . Magnifying fiber optic tapers (FOTs) are commonly used to increase the field-of-view of small sensor imagers, such as CMOS, CCD, or electron-multiplying CCD (EMCCD) based detectors, which results in a reduction in detector sensitivity and also further reduces the MTF [2] . In this work, we investigate and quantify performance trade-offs for different front-end configurations coupled to an EMCCD sensor backend with 8 µm pixels, which has very low noise and minimal blurring that have been measured previously [2] - [5] . This will facilitate optimal selection of components for different medical x-ray imaging applications.
II. METHODS AND MATERIALS
Six different columnar structured CsI(Tl) scintillators (Hamamatsu, Japan) with thicknesses of 100, 200, 350, 500, and 1000 µm type high-light (HL) and a 350 µm type highresolution (HR), grown on a fiber optic plate to facilitate interchangeability with other optical components, were studied. Four FOTs were also studied with magnification ratios (M) of 1, 2.5, 3.3, and 4 (Incom, USA). Additional specifications of the FOTs are listed in Table I . The two materials used (MLB57 and BLS59-12) were similar with core/clad indices of refraction of 1.8/1.485, statistical EMA, and similar core percentages (70 and 75%, respectively). 
P
Each scintillator was coupled directly to the fiber optic input window of an EMCCD camera (Photonic Science LTD, UK) with 8 µm pixels, or to one of the FOTs, which was in turn coupled to the EMCCD input (Fig. 1) . Performance of the EMCCD camera system has been studied extensively and was taken into consideration to determine the performance of the CsI and the FOTs [2]- [5] . Performance of the different configurations was measured in terms of relative signal differences, optical transmission efficiencies, Modulation Transfer Functions (MTF), and Detective Quantum Efficiencies (DQE). The RQA5 x-ray spectrum was used in each instance. MTFs were measured using the new noiseresponse method that only requires flat-field noise images (no edges or slits) [6] , [7] . Fig. 1(a) . Schematic of the detector configuration with a FOT in the imaging chain. Fig. 1(b) . A Photograph of the assembled detector setup. A custom holder was designed to facilitate the coupling of the different fiber optic components.
III. RESULTS
The relative signal of the different scintillators was determined by normalizing the digital output signal to that of the 1000 µm CsI, using the same detector entrance exposure for each instance, and was shown to largely follow the calculated relative QDE (Fig. 2) indicating their light output per absorbed x-ray was similar. The type HR CsI was shown to have 57% the light output of type HL. Fig. 2 . The measured relative signal difference normalized to the signal of the 1000 µm-thick CsI and the calculated relative quantum efficiency (QE). Unless otherwise noted, the phosphor was type "high-light" (HL).
The efficiency of the FOTs was inversely proportional to M 2 with the M = 1 FOT transmitting 87% of the incident light (Fig. 4) . At 5 (10) cycles/mm, the measured CsI MTF (Fig. 3 The 1000, 500, and 350HR µm CsI had the highest DQE for low, medium, and high spatial frequency ranges of 0 to 1.6, 1.6 to 4.5, and 4.5 to 10 cycles/mm, respectively (Fig. 5) . Larger FOT magnification ratios resulted in a reduction in DQE. Fig. 5(a) . The measured DQE for the different CsI phosphors using no fiber optic taper (FOT) in the imaging chain. 
IV. CONCLUSIONS
Performance trade-offs were measured for different CsI thicknesses and types and for different FOT magnification ratios. Quantifying performance of different front-end configurations will enable optimal selection of imaging components for task-specific designs.
